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1 . SUMMARY 

This report presents the analysis of the Space Shuttle Rudder/ 
Speedbrake (R/SB) subsystem using the Continuous System Modeling 
Program (CSMP) to evaluate the Rockwell math model contained in 
Rockwell publication SD 74-SH-0324 (reference 1) . The R/SB sub- 
system fits into the overall avionics system as depicted in 
figure 1-1. 

The report describes the CSMP program, its uses, some limita- 
tions and its application to the R/SB subsystem model. The 
appendices contain definitions of the constants and variables 
used in the program. The report highlights three (3) areas of 
analysis: 1) step response, 2) ramp response, and 3) the delay 

time or deadspace observed in system response. Data obtained 
using the CSMP program was further processed in a continuous 
format in a manner similiar to that shown in figure 1-2. 

The step response is used to evaluate three (3) factors: 1) the 

linearity of the output response, 2) the accuracy of the output 
response, and 3) the response of the system to a step command. 
Various step commands were separately addressed first to the 
Rudder, then to the Speedbrake. When one channel was driven the 
other was set to zero or null. 

The Rudder displayed a 1 percent accurate output response for all 
three commands, thus demonstrating acceptable linearity and 
accuracy. The Speedbrake did not, however, meet reasonable 
standards since accuracy and linearity were in error in excess 
of 6 percent. The slew rate of both systems was fast enough to 
meet maximum software speed requirements of 12 deg/sec. 

The ramp command was used to evaluate two factors: 1) the 

tracking ability of both the Rudder and Speedbrake, and 2) the 
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ability of the hydraulic system to meet worst case specifications. 
It was found that after initial system dynamics had settled out, 
the system output followed the input with an undetectable graph- 
ical error in both Rudder and Speedbrake response. It was also 
found that the R/SB hydraulic motors were indeed capable of 
meeting the specification supplied from Rockwell and that their 
performance would not overtax the hydraulic system. 

The deadspace or system delay time to input command was found to 
possibly be longer than expected but since there does not appear 
to be any specification on this parameter, it was difficult 
to judge. 

Of the four contributors to the deadspace (the Servo valve flapper 
motor, the Summer and Mixer gear trains, and the Power Drive Unit 
(PDU) gear train) , it was found that the PDU gear train contri- 
buted the most to the deadspace. The PDU gear train was respon- 
sible for over 57 percent of the delay. 
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It was established during the analysis that the deadspace was 
command-dependent, i.e., as the command rate increased, the 
deadspace decreased. A lO-deg/sec Rudder command exhibits a 
deadspace of 75 milliseconds (ms) whereas a 5-deg/sec Rudder 
command has a deadspace of 125 ms. This report contains methods 
for the determination of both Rudder and Speedbrake deadspace 
for various input ramp commands. 
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2 . INTRODUCTION 


The R/SB subsystem is one of the major flight control systems 
developed for use as primary flight control in the Space Shuttle 
This report presents a basic analysis of the R/SB using a 4-chan 
nel software model developed by LEC engineers from inputs by 
Rockwell. Rockwell developed a mathematical description of the 
R/SB (ref. 1) which was used in conjunction with CSMP Ixl (ref. 
2) to develop the software model used in this analysis. This 
report makes use of the CSMP model to investigate some basic 
system response characteristics such as linearity and response 
time. 
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3 . CSMP PROGRAM 


The CSMP program is au extremely versatile program with a variety 
of useful capabilities. It features a debug subroutine which, for 
a predetermined number of points, will list each of the variables 
and their value for each integration sampling time. 

One of the major advantages of CSMP is it-, sort capability. The 
computer will sort the equations as necessary, place them in order 
and operate on them without the programmer being concerned with 
the order of occurrence of the equations. 

Subroutines are also available to allow for the handling of 1st 
and 2nd order functions without the necessity of programming 
separate integration subroutines. Outputs can also be s.nown in 
logarithmic readout, standard readout, and other useful possi- 
bilities . 

A listing of the CSMP protjram used is given in appendix A. The 
CSMP { "ogram is broken into five separate sections: 

1. INPUT JCL - initial setup instructions to computei . 

2. INITIAL - system constants and initial conditions. 

3. DYNAMIC - system equations. 

4. TERMINAL - integration method and time, start time, finish 
tine, plot time, etc., necessary to produce outputs and 
load in outputs to be plotted or listed, 

5. OUTPUT JCL - sort and perform necessary operations to 
produce output. 

During the "reading in" of the data described in sections 2, 3 
and 4 above, the basic CSMP program can be broke.^ into with 
basic FORTRAN as a subroutine to perform decision-making. 


There are some limitations, however, in the performance of the 
CSMP model. Some of the more serious limitations are: 

1. Since the computer performs as a sampling data system, a limi- 
tation exists on the size of the sampling time for integration 
purposes. These limits depend upon the integration routine 
used and internal system oscillations encountered. Some 
recent experimentation with those limits resulted in the 
determination that the 50 ps integration time used i:. the 
program shown in appendix A was in fact approaching maximum. 
Using a larger integration time resulted in numerical insta- 
bility. The method used in the present CSMP integration 
process is the Runge-Kutta fixed step which, in this program, 
works quite well with a 50 ps integration period. 

2. The achievement of reasonable results in R/SB performance 
requires large amounts of CPU time. As an example, an average 
1-second run requires almost 20 minutes CPU time. 

3. There is a limitation on the total possible number of state- 
ments which may be used in the model. The present model 
utilizes over 580 statements which approaches the 600 state- 
ment limit. This borderline condition prohibits any possible 
large expansions to accomodate system changes. Elimination 
of portions of the program will be necessary to accomplish 
large changes which require additional cards. 

Except for its few limitations, the CSMP program is a versatile 
tool in the analysis of control systems. 

Appendix F contains a list of the variables and constants used in 
the CSMP program and their definitions or functional descriptions. 






The plots obtained for 5-, 10- and 15-degree R/SB steps are given 
in appendix B. The first six (6) plots contained therein are 
the original CSMP computer printout plots whereas, the others 
were obtained by plotting the CSMP values using a HP 9820 
calculator and a HP 9862A calculator plotter. For a further 
discussion of this technique, see appendix G. 

Of major concern was the accuracy of both Rudder and Speedbrake 
deflections. Rudder input commands were based upon a 5- volt -input 
level causing a 27.1-degree Rudder Hinge Line (RHL) deflection 
of each panel in the same direction. Speedbrake input commands 
were based upon a 5-volt input command causing a panel separation 
angle of 49.3 degrees (RHL). 



After panel movement settled down to an approximate steady-state 1 

value, a number of final points were averaged and this was used i 

as the steady-state value of panel deflection (or separation) . 

The resulting plots are shown in appendix B (B-7 through B-12) . 

i 

Table I gives the results of this analysis. An obvious discre- | 

pancy exists here since the +15 degree Speedbrake step has not | 

reached its steady-state value. The 5- and 10-degree steps I 

. • I 

have, however, and the error achieved here will be used in this | 

analysis. From this, it can be observed that the Rudder res- ' | 

ponse exhibits a reasonable error, but the Speedbrake is exces- | 

sive. Magnifying the 10-degree steps in both Rudder and | 

Speedbra^'^ steady-state graphs (B-9 and B-10) reveals that a | 

20 Hertz oscillation exists on the output waveshape. This is j 

quite low level, however, with the peak-to-peak value being 

down by over 23 dB from the steady-state value of 9,9003 volts 

for the Rudder and 9.306 volts for the Speedbrake. The blowup j 

^ 1 

reveals that the Speedbrake is still rising at a rate 0.5 

deg/sec. At this rate, it would take 20 seconds to arrive at 1 
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the 10-degree steady-state position. As shown in section 5, 
this increase will become steady-state in well under 20 seconds. 


The delay time from input stimulus to output response is also of 
importance. The major contribution to the delay time comes from 
deadspace contained in the PDU gear train and in the Servo valve. 
Some other contributions exist in the summer and mixer gears, but, 
as shown in section 6, they are negligible. The delay times for 
the Rudder and Speedbrake step commands are given in table II 
with respective plots contained in appendix C. 

Values shown in table II are based upon the first usable point 
given in the readout. The actual starting point will be occurring 
in the 5-ms period proceeding the first usable point as shown in 
figure 4-1. Linear interpolation could be used to obtain a more 
accurate figure but since the system response is not linear, the 
improvement in accuracy would, at best, be small. Therefore, 
work in this area is found in section 5 which contains a general 
discussion of delay for any command. 




The slew rate of the response curves in figure 4-1 corresponds to 
the maximum possible system response to an input signal. This 
is the hardware limit of performance. The hardware limit must 
exceed the software limit to allow the system to respond to maximum 
possible system change commands. 

A r "!p command from the pilot will result in a ramp output from 
the ASA to the input of the Servo valves as shown in figure 4-2. 
(For a more detailed discussion of the input command, see appendix 
I) . 


At the present time, the Autopilot rate limits the MDM output 
to 12.1 deg/sec from the Rudder, 6.1 deg/sec (opening) and 
10.85 deg/sec (closing) from the Speedbrake. The output panel 
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4.1 " Graphical method of dctermininq starting 
point of plot. 












speed for an input step must exceed these values for proper 
performance. The slew rates for Rudder and Speedbrake are 
given in table III. Since 5-, 10- and 15-degree step slew 
rates are the same for both Rudder and Speedbrake (see appen- 
dix B) , only the values for a 10-degree step are listed. 



The Rudder slew rate corresponds to the change in the left panel 
position (LPDEG) and the Speedbrake corresponds to the change in 
the angular separation of the Speedbrake (DSBRHL) . Both values 
are RHL and fall well outside of the minimum opening panel 
deflection rates of 12.1 and 6.1 for the Rudder and Speedbrake. 
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5 . RAMP RESPONSE 

This section reviews the response of the R/SB systems to ramp 
input stimuli. Each of the four input channels in one of the 
systems (Rudder or Speedbrake) is addressed with a ramp while 
the four channels of the other system are addressed to the null 
(zero) position. All components are taken as operational and at 
a temperature of 100° F. 

Figures 5-1, 5-2, 5-3 and 5-4 give the output (RINl vs LPDEG or 
SINl vs DSBRHL) for Rudder and Speedbrake input commands. Figures 
5-2 and 5-4 demonstrate that the R/SB outputs follow the inputs 
so close that an error is undetectable. To obtain meaningful 
results, it was necessary to observe Rudder performance for 
over 2 seconds and Speedbrake performance for over 6 seconds. 

As can be seen, the delay on these final segments is constant, 
being 78 ms for the Rudder and 450 ms for the Speedbrake. 

Initially, at the beginning of response, the situation is quite 
different as shown in figures 5-5 and 5-6- The initial delay in 
the action of the panels is caused wholly by the hysteresis dead- 
space. This is discussed and shown in more detail in section 6. 
After initial response of the panels to the stimulus, the system 
exhibits an additional slowness in coming up to speed. After 
running speed is reached, the system overshoots and then, after a 
period of time, returns to following the input command. This 
is characteristic of the ramp response of a working hardware model 
where the motor speed comes up to ratef speed then overshoots and 
dampens out to follow the input. 

In May, some information was received from Rockwell in a letter 
concerning their m'>del. Graphs were sent of the R/SB performance 
which included the hydraulic motor speed for a single motor with 
throe (3) opera, mg, output panel position and output panel rates 
for both Rudder and Speedbrake. The information received corres- 
ponded to a 10 . 03-deg/sec Rudder command and Speedbrake commands 
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Figure 5-1. 
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respectively. Graphs con»^ ned within this letter are contained 
in appendix D for reference. Also contained in appendix D are 
corresponding CSMP plots. Prior to receipt of this data, a 
telephone conversation with personnel at Rockwell revealed that 
for 3~motor operation, the Rudder motor speed-per-motor should be 
2850 rpm and the Speedbrake motor speed for a single motor should 
be 2550 rpm. The plots contained in appendix D show the results 
found in table IV. 


The Rockwell model had given the motor speed for 10.03 deg/sec. 
This has been interpolated to 6 deg/sec which is the value given: 


10 deq/sec 
6 deg/sec 


450 

X 


rad/ sec 


X = 270 ^ X 60 sec ^ l.„ re v 
sec 1 min 2 irrad 


= 2578 rpm 

Speed for the Lockheed values were taken as an average over a 
number of points, as shown in figures D-3 and D-8, using methods 
in appendix G. Note that the Rudder error in Lockheed's model is 
very small whereas the Speedbrake error is over 2 percent. It 
has also been determined that the stated motor speeds are well 
within the capabilities of the motors as their capability is 
dependent mainly upon the maximum possible flow. Appendix E 
features a writeup of the necessary fluid input to produce a given 
output rotational speed. Maximum output speed for 3~motor operation 
is that for the 12.1-deg/sec Speedbrake closing. Using interpola- 
tion : 

Speed -- j-Q = 34 4 9 rpm 


For a speed of 3449 rpm, the motor input will have to be about 
7.8 gallons per minute (GPM) , well within the 22.3-GPM maximum 
(ref. 1 para. 3. 1.2. 4. 4). 


Since the 12.1-deg/sec input command is the software limit, it 
represents worst case and it is easily seen that both Rudder and 
Speedbrake hydraulic sources will be capable of producing the 
necessary input flow. 
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6 . DEADSPACE 


For this analysis, the deadspace^, or "deadband" as it is sometimes 
called, is the time elapsed from the input stimulus to one or more 
hysteresis loops to the time when the output responds. Observed 
in this section are the effects of each individual loop upon 
deadspace and the total cumulative effects of all loops. 

Appendix H plots give the deadspace measured in all four hysteresis 
loops for both Rudder and Speedbrake performance for a 10-deg/sec 
Rudder and a 6-deg/sec Speedbrake command. This section, however, 
deals with their effects for various commands and how to calculate 
the deadspace for any input command (see figure 6-1). 

There are fourteen (14) hysteresis loops located in the R/SB 
subsystem. Four of these are common to both Rudder and Speedbrake 
command responses, whereas the remaining ten are peculiar to either 
Rudder or Speedbrake command chains. Table V lists the location 
of each hysteresis loop, the value in arc-min, and approximate time 
contribution for a 10-deg/sec or 6-deg/sec Rudder or Speedbrake 
command. Note that a Rudder 10-deg/sec command will not be felt 
equally at the beginning of the first loop as a Speedbrake 10-deg/sec 
command. This is caused by a variation of input factors called KRV 
and KSBV. KRV is shown in figure 6.2 with KSBV in a similar position 
for the Speedbrake. For a further discussion of the differences, 
refer to appendix I. 

A series of various input Rudder commands were input and the 
cumulative effects of hysteresis deadspace were plotted as shown 
in figure 6-1. Each plot point is the cumulative time from input 
stimulus to the first observed output response. 

As observed, the largest contributor to deadspace is the PDU gear 
train. Although the value for the PDU gear train hysteresis is 


^Deadspace pertains to the special DEADSPACE function utilized 
in CSMP programming (see reference 2) • 
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Figure 6-1. — Cumulative Rudder deadspace for various 

input commands. 
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ubsystem from input to flapper output 







( 


V, 


1 


f 


TABLE V.- HYSTERESIS CONTRIBUTION TO DEADSPACE 


Hysteresis 

Loop 

Description 

Value 

(arc-min) 

Time For Command 
(sec) (deg/scc) 

IR 

Flapper torque motor 

0.4 

0.014 

10 R 

2R 

Flapper torque motor 

0.4 

0.014 

10 R 

3R 

Flapper torque motor 

0.4 

0.014 

10 R 

4R 

Flapper torque motor 

0.4 

0.014 

10 R 

5R 

Summer gears 

163.8 

0.015 

10 R 

ISB 

Flapper torque motor 

0.4 

0.0. 6 

6 S 

2SB 

Flapper torque motor 

0.4 

0.036 

6 S 

3SB 

Flapper torque motor 

0.4 

0.036 

6 S 

4SB 

Flapper torque motor 

0.4 

0.036 

6 S 

5SB 

Summer gears 

1 

163.8 

1 

0.020 

6 S 

*1R/SB 

Mixer gears left panel 

71.8 

0.003 

10 R 

*2R/SB 

Mixer gears right panel 

71.8 

0.003 

10 R 

*3R/SB 

PDV gears left panel 

10.0 

0.043 

10 R 

♦4R/SB 

PDV gears right panel 

10.0 

0.043 

10 R 


*Time shown is for 10-deg/sec Rudder command only. 
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apparently much less than some of the other values shown in table V, 
its deadspace is disproportionately greater. This is caused by 
the large gear ratio that exists from the motor outputs to the 
panel. This gear ratio is 5,099:1 for the Rudder and 15,472:1 
for the Speedbrake. 

From figure 6-1, it can be ascertained that the output delay is 
approximately 4 times the input delay. This means that the 

0.074 sec delay for the 2 deg/sec run will take 0.29 seconds to be 
felt on the panels. 


By knowing the delay involved in the first loop, the remaining 
hysteresis deadspace can be found easily by approximation. This 
factor of 4 applies to the Rudder only. The Speedbrake was not 
run for various inputs as was the Rudder, but from the 6 deg/sec 
command, it is easily found that the factor is 11. 

1. Rudder deadspace output panel movement is: 

^ (4) (0.145) ^ 0.58 

Deadspace = slope of input slope 

f\j 

i.e., 10 deg/sec = 0.058 sec deadspace 


2. Speedbrake deadspace output panel movement is: 

(11) (0.08) _ 0.88 


o- 


Deadspace = 


slope of input slope 


i.e., 6 deg/sec = 0.146 sec deadspace. 


A block diagram of the first hysteresis loop is shown in figure 6-2. 
This shows one channel (of a 4-channel servo valve) from the input 
command to the flapper torque output. 


Figures 6-3 and 6-4 show the times for various input commands to 
reach threshold. These are further listed in tables VI and VII. 


A single 10-deg/sec run was made without the hysteresis loops 
present to deter.mine if there were other unknown factors contributing 
to the deadspace. This is given in figure 6-5. Although figure 
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TABLE VI.- RUDDER DEADSPACE FOR SERVO FLAPPER VALVE 


Ramp Input 
Command 
(deg/sec) 

Start Time 
for Output 
of Flapper 
(sec) 

Delay in Action 
through 
Servo Flapper 
(sec) 

0. 1 

1.3815 

1.3765 

0.2 

0.6932 

^.6882 

0. 3 

0.4638 

0.4588 

0.5 

0.2803 

0.2753 

1.0 

0.1427 

0.1377 

2.0 

0.0738 

0.0688 

3.0 

0.0509 

0.0459 

4.0 

0.0394 

0.0344 

5.0 

0.0325 

0.0275 

6. 0 

0.0279 

0.0229 

7.0 

1 

0.0247 

0.1967 

8.0 

0. 0222 

0.0172 

9.0 

0. 0202 

0.0152 

10.0 

0.0187 

0.0137 


12.1 


0.0164 


0.0114 
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6-5 does not fully demonstrate this, the CSMP readout beqan l.istino 
points for the output LPDEG at t = 5 ms, the start time for the 
input. 

Some discrepancies do exist in the application of figures 6-3 and 
6-4 beyond the 0.02 in-lb threshold. At this point, the secondary 
delta P feedback is no longer zero and therefore, begins to subtract 
from the input. The graph will therefore begin to change slope as 
the error begins to go to zero. 

The values given in tables VI and VII were not graphically obtained 
but were mathematically calculated using the HP 9820. Consequently, 
they are more accurate than any values obtained from figures 6-3 
and 6-4. 

It must, therefore, be concluded from the iiiformation given that 
the hysteresis, and only the hysteresis, is the sole contributor 
to the deadspace. 
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7. CONCLUSIONS AND RECOMMENDATIONS 


The contents of this report were concerned with the analysis of 
the Space Shuttle R/SB subsystem using the CSMP program to test 
the Rockwell math model contained in Rockwell publication 
SD 74-SH-0324. 

It was first shown how the program was implimented using the CSMP 
technique and some performance limitations were given in using 
CSMP. A brief overlay of the CSMP program technique was made with 
a sample program and glossary appearing in the appendix. 

The report discussed three (3) separate areas of system performance 
1) the Step Response, 2) the Ramp Response, and 3) the delay 
time obtained in system response. 

The Step Response was used to determine three (3) factors: 

1) the linearity of the system, 2) the accuracy of the system, 
and 3) the speed of the system in responding to a step command. 

A 5-, 10- and 15-degree step command was separately addressed to 
first the Rudder and then to the Speedbrake. When one channel was 
exercised, the other was set to zero degree step input or null. 

It was found that i-he Rudder displayed a 1- percent accurate output 
response for all three coironands, whereas the Speedbrake response 
was in excess of 6 percent. The cause of this radical variation 
in accuracy was undetermined. It possibly exists in a definition 
of either the expected panel response to a 5-volt command not being 
49.3 degre'-'S RHL or in some factor in the summing and mixing gear 
trains. Further investigation will be necessary in this area to 
pinpoint the possible cause of trouble. The linearity of the 
Rudder was acceptable but the Speedbrake once again remained 
unacceptable. This was, however, probably caused by the run being 
too short to produce a true steady-state output response condition. 
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The 5-degree run was successful, but the v. -degree run may require 
more time. Since both Rudder and Speedbr^ e channels are identical 
except for constants, this appears to be the only reasonable solu- 
tion. It was also found that both the Rudder and Speedbrake would 
be hardware capable of meeting maximxim software input commands. 

It was found that a low level oscillation exists in step command 
response. But it was such a low level that it is thought to be 
insignificant for further study. Further testing will require 
an observation of the oscillation but, unless it becomes signi- 
ficant, it will probably be neglected in future reports. 

The ramp response was used to determine two factors: 1) the 

tracking ability and 2) the ability of the hydraulic system to 
meet specifications. The system was found to track very close 
to input command, in fact, with an undetectable error in both 
Rudder and Speedbrake performance. Oscillation was found to be 
virtually nonexistant and undetectable in output response. The 
speed of the hydraulic motors was compared with Rockwell-furnished 
data and found to be extremely accurate for the Rudder and within 
3 percent for the Speedbrake. The hydraulic flow into the motors 
was compared with the maximum possible flow from the hydraulic 
pumps and it was found that the motors would not overstress the 
system for normal operation. Abnormal operating characteristics, 
such as the failure of one or two motors, will be the subject of 
a Failure Modes and Effects Analysis to be commenced soon. 

The final section of the report dealt with one of the nonlinearities 
of the system; namely, the results of the system hysteresis. It 
was found that the system response was delayed from the input by 
a large period of time. An investigation was launched into the 
causes of this phenomena and the severity of its occurance. It 
was found that the cause was solely the hysteresis loops contained 
within the model. The severity of the phenomena remains unknown 
since there appears to be no gauge as to its magnitude. The 
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Rudder was found to exhibit a delay time (or deadspace as it is 
called in this report) of 75 milliseconds whereas the Speedbrake 
was in excess of 200 milliseconds. The Rudder input rate was 
10 deg/ sec whereas the Speedbrake was 6 deg/sec. It was further 
found that, because the hysteresis loops created a threshold 
which had to be surpassed, the deadspace was coirmand-dependent . 

An approximate mathematical technique has been developed in this 
report to determine the deadspace for all possible input commands. 

This report leaves several unanswered questions. The most prominent 
of these is the large steady-state error in Speedbrake performance. 
Since the Speedbrake involves the use of both panels separating 
in opposite directions, it is conceivable that the observed error 
could be twice that of the Rudder. This does not, however, appear 
to be the case since the error is in excess of 6 percent. This 
issue needs to be persued in greater depth. 

Another item of interest is the large deadspace observed in both 
Rudder and Speedbrake output responses. This, as was observed, 
was solely the contribution of the hysteresis contained in the 
system and not some other cimbiguous factor. At present, there 
appears to be no specification to cover this problem. 

Future runs need to focus on these two items in particular, 
especially linearity- Critical items such as changing ASA gain 
and panel load factors will continue to create new runs to deter- 
mine response to design changes and/or modifications of parameters. 

A failure Modes and Effects Analysis is also scheduled. During 
this study, the output response caused by such failures as 
failing a single motor will be observed. 

The results herein will be used as guidelines, when possible, in 
the design of a R/SB subsystem hardware model. However, since 
the system is very fluid at the present time, the information 
contained herein will probably change with the hardware model 
following the latest designs. 
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♦ ♦ IJCB»(RFCFH=PB,LR^CL«80,BLKS1Z|*BOO) 

♦♦FT02F001 DO SYSnUT«B,0CE*(RECFM*F.8LKSIZ6*80) 

DO UNIT«SYs6A,SPAC'^«(3500,(l0.l9li. 

DCB*(RECM*r , PLKSl 2r«80 I .OlS^»(Ne«,PASS ) 

DO UNIT*SYSOA,SPAC'‘*(3500.(20.20)). 

OC 8*(R6CFM»F , 6LKSIZF-80) ,OISP«r>»EM,PASS I 
00 UNIT-S VSO A, SPACE ■( 3500 . ( AO. AO) ) . 

nVuNjT«Sn0AlsPAC:«(3500.( 10. lOjl, OC0»( RECFM»F,BLKS1ZC«80) 

U CSN*CPRELOAo2sTFPLIB 

IEFS53I SUBSTITUTION JCl - nSN*CSNP. LOAD. SYSTEM 

► ♦FT O8F0OI nO*^S yIoUTcA ,0c H= ( REC'"M«F0A, LRECL-133. 8LRSIZ|*1330 j 

► ♦FT OAF 001 no SYSOUT-A ,DC B» ( Rf'Cr M-FB A . LR-CL»133. BLRS I2£« 1330 1 

//T. SYSIN OP * , ^ THAMC 

IEF236I ALLHC. FOR HOOINASA T TRANS 


♦♦FT05F001 
♦♦FTOTFOOl 
,FT13FOOI 
♦♦FT lAFOOl 


ISHR.PASS). 


ill 


IEF2 3TI 
IEF2371 
I6F23TI 
IEF237I 

11)1111 
IEF2 3ZI 
IEFZ37I 
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15A 

133 
13A 
13 3 
13A 

134 
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\mm 

aUOCATCD 

AUOCATro 

ALLOCATED 

ALLOCATED 

ALLOCATtO 

ALLOCATFO 

Sti88Iti§ 

ALLOCATEO 

ALLOCATEO 


Tu 
TO 
TO 
TO 
TO 
TO 
TO 
TO 

TO 

TO 
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CSMPL 
FTOIF.. . 
FT02 -00 J 
FT05F001 
FT07P001 
FT13F001 
FTlAFOOl 
STfPLlB 

FT06F001 

SYSIN 




iUCONTINUOUS SYSTEM MODELING PROGRAM III VIM2 TRANSLATOR OLTPUT$*t 

♦♦♦♦♦♦♦ ♦♦♦♦♦♦ 

title rudder run id OEG/SEC COMMAND TP 6.2C.75 

w,*.speci.l l.st,ng po« 

* 

« CARD INDEX 


CARO NOHBfR 

i 

n 

581 

629 


RERReSfNTS 

JOB CARD 

|nS^x ^^ROS 
Initial 

DYNAMIC 
TERMI NAL 
output XL 


a 


% 

# 

4i 

m 
m 

4 
% 

♦ 

RUDTCR(T0LP.RP,RATE,GI,G2,G3,EFF» 
PROCEDURAL 

Xl-SI GNfl.O.TQLP) 
xl-SlGNjl.OfRATE) 

IF j {xI.GT.O.O}.AND. (X 2.GT.O.OI) GO TO 
IFHxi,LTi0,OI.ANO. lx2iLT.0.0»» OO TO 
IF(Xl,NE.X2} GO TO 40 
10 TF«|TO^P>-RpI *EFF/ (3*Gl*G2*G3» 

40 TF-ITCLP+RP) / (3*G1 •G2*G3*EFF) 

50 CONTINUE 
EN) MACRO 

MA: RO SBTF«SBTOR(SLP.SRP,SKAT t, SGI, SG2, SG3,SEFF ) 
PROCEDURAL 

Xl-SI GN(l.O,SLP) 

X2-SIGN(1.0,SRATEJ 

IFITxI.GT.O.OKAND. (X2.GT.0.0I) GO TO 15 
IFHXl.LT.O.OI.ANO. (X2.LT.0.0I » GO TO 15 
IF(X1.NE.X2) GO TO 25 
15 SBTF-ISLP-SRP )*S BFF/ ( 3*SG l*SG2*SG3 ) 

GO TO 35 
25 SBTf ■ 

35 CONTINUE 
END MACRO 
♦ 5 0- 


TO 1 

rF-(SLP-SRP)/ 0*SG1*SG24SG3*SEFF » 


Faction hinge • <-49.3,1.025E6), t0,0),I49.3,-l.025E6j 

♦ RSLP « SLOPE OF INPUT FUNCTION 

CONST RSLPl»ig.0,RSLP2-l0.0iR|LP3-10.0,RSLP4-l0.0 

• S5SLP - SLOPE OF input FUNCTION 

CONST -- -- - - - - - - 

const 
CCN ST 


50 


SBSLPl-0.OiSBSiP2»D.<T^»SBSLP?-D.O.^tSLR4«O.O 
IC-0. 0 

99207, BR -1, 3860, XRM-g. 065. DELTX 3-0,0, PE LTX2- 0.0 
K0-5.52 ,PSI- 2 806.0, P$2-2806,0,PS3- 2800,0, KQP-33.2, 
BETA-i.8e5, »M-3.88 ,KPO-0,004,TC-9.0,JMR-t.00636,JM?- 
BM-0.6l5,GS-7.32,CMBci,4t,GMS-4,4«,,., 

5H-473.921 .JP-25t9,g.BPP«l5500.5,TPC-5.0, IL-8.0,DELT 
const AC-0.008975, a P- 0. 0276, AS-0. 193, 6P-0.0648,C 1-185. 2, C2 
C 3-8. 766-5. C P-5, OSE -5 ,C0-4. 5866,KF«1-6.22,KP-1200.0, 
KN-1. 38F-4,KT ffp6.045, MP-6.83E-5,LN-6.0l693, VT-O.Ofl 30 


0.00565 ,, 

X1*0.C 
*0. ICS6 
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VT2-O.62tXp»O,0Ol85iRPS-2flpO.OiSPS»28pQ.PlIAUC«0.ijKArtP«l7.* f ... 

.57ll77fKC*l.Sltli 


>?li»Pltf^“Qt7p7|TQT«Q.004,KPt»P,P0l6 7iKFB«l0, 

L=I.d.y5-l.5.7T-l ,d,Z2«l.O 

5B«0.88A38fKft«6.8Al328 ,RAO»57.29570.KFBSB«5.8J 


81093, KRV«0.ieA5, .. . 


wu 

C0'4ST Yl 

CO'JST KSB»u«oo^30, 

KSBV*0. 10142 

CONST H S =0.04 76475 ,HHR»0. 0208 8577, HMSB-0. 0208857 7, HH-2.9088F-3 

CONST t»SBX3-0.0,nS8X2*0.0,0SBXl»0,0 

COS ST XSM-0, 065, r>»0.08276,tG»0. 7872. FRC-13.0 

CONST KHC-0.39 7E8,KHST»0.02 ,KFL»O.OOll 

CONST rrNV = p.2527 

♦CONVERT FROP RADIANS/SEC TO RPM 

CONST CPPM * 9.5492966 

CTNST Cl=0.0, IC2-0.0 
DYNAMIC 

• RJDDFw input fcOUATIONS FROM ASA FIH'TRONICS 
MINI » RSLPI*RAMP(0.005» 

RIN? » RSLP2*RAMP(0.005 ) 


RIS3 

RIN4 


RSLP3MRAMP10,0 

RsCP4*RAMP(0.0 


♦ S>E»'OPRAKF INPUT fcOUATIONS FROM ASA CLFCTRONICS 
SINI = SBSl P1*RAMP(0.005I 
SIN2 = SBSLP2*RAMP(0.005) 

SIN3 > 5BSLP3*RAMP(0.005) 

S1N4 = SBSLP46RAMP(0.005I 
♦RJODER EQUATIONS 

RVINI-RINIMXRV 
Rv!N2»ftIN2*KRV 
RVI N3«Rl N3*KRV 
RVIN4«RIN4AKRV 

RASAI 1*(RVIN1-RV71) ♦K4MP-RVK1 
RASAI 2= (RVIN2-HVZ2) ♦KAMP-RVK2 
RASAI 3=<RVIN3 -RVZ3) PKAMP-RyK? 

RASAI 4=1 RVI N4 -RVZ4 I ♦KAMP-RVK4 
RIL1-LIMIT(-1L, IL.RASAIl) 

♦RJD3ER SERVOIStCONOARY AtTUATORI NC. 


I 


RTI-RILIMKTM 
PTIN1=HSTRSS( U ,-RHST ,KHST,RT II 
S*T1-RTI Nl-RFPl •KN-XO L^K^BL 
PFXI=RFT1MLN 

HfXLMl-LIMITI-KU.KFL.RFXll 

RUFLW* (2.0*C 1*RFXL Ml |-( 2.0*( AP-4C ) ♦PFR IV( IC.RXS^l I ) 


ORlXl-RFU LW-IRIX 
R1X1 = INTC,RI.IIC,0R 


♦G1/G2) 
XU 


• 130- 


RFP1*R1X1/G2 
r,l»C3*C2*X0 
G?*VT2/(2.0*BETAI 
RPlFTaRFPl*! AP-At. ) -RSAPl^AC 


R"'1'SP1=RF If T-(POSPl*(HP/MP|)-(RSPl*(KP/MPn 
P"SP1 -I NTGPl ( IL .ROOSPl ) 

RSPl = INTGRl nC.ROSPl) 

R XSSI -RS PI /MP 

RFVSl *«PS-(RS APIPS 1 GN 1 1 jO.RXSSl n 
RlQ0«=CQ*RXSSl*SIGN(1.0,fiPVSl)*SQPT(ABS(RPVSU) 
R0XSAI«R1Q0*AP^DERI V( K .RXSSl » 
HrxSAl-IRQXSAl-IRSAPMCPI I /AS 
HxsAi>lNrr,aL( ir. fROxSAi) 

RXA1»RXSA1-XRL 

SAPl *RXAIa| (4.O*0tTA*AS I/VT2I 


100 
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• RIL 

N2-H 



i^^|^^#rAF-ACl*DERIV( IC.RXSS2JJ 


R2X1*G1/G2) 
tOR2Xl| 


RFX2-RF 

0R2XI-RF2FLW- 
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RFP2- R2X1/G2 

RF2FT-RFP2*1AP-AC)-RSAP2*AC 
R 0© S P 2»R#tf^t - i ROS P 2 W M ^ n -< « S P 2 ♦ i K Py H P H 
R0SP2-I NTGRL I IC .R0DSP2) 
RSP2»lNTGRl(lCfRDSP2) 

RXSS2-RSP27HP 

RPVS2-RPS-(RS AP2PSI GN(l,Qf RXSS2 n 
R2Q0>CQ*RXSi2«SIGN( 1,0*RPWS2)*S0RT( 
ROXSA2«R2QO*AP*DERiy( lCtRXSS2) 
R0XSA2-(RQXSA2-«RSAP:*CAH/AS 
R XSA2-I HTflRt-t ieiR©iaA2» 

RXA2-RXSA2-XRL 

siKsnsiiii''*'”"'****''''”' 

RIL3-UMIT(-IL,IL,RASAI31 

♦RJD3ER SERVOi SECONOARV 

RT3«RIL3*KTM 


AaSIRPVS2>l 


iv ACTUATORI NO. 3 


RTI N3-HSTRSSC |C|-KHST ,KHST , RT3) 

R F T3 »*T f NS -RP^»KN-X R L Ptt 


)*L 

[H‘ 


iJiiSEiiiffti 


RFX3“RF V 

. u-v. i-'nr A L "o j - ( 5#o ♦( AP-AC ) ACER IVI IC t RX SS3 ) ) 
0R3 XI-rFJFLN-(R3X1fG 1/G2T 
R3X1-INTCRU IC^rORlxa 
RFP3-- ,3 X1/G2 

RF^FI kFP3*(AP-ACi-RSAP3*AC 

ROOSP3-RF3FT-(RMPs*^<BP/(3P| »-(-RS^»^(K^/NP| » 

R0SP3-I NTGRL< IC,R06SP3» 

RSPJ-INTGRLtiC^ftOSPSJ 

• 150 ”*^^3-RSP3/HP_ 

RPVS3-RPS-(RlAPi*SlCNU,<MU4Si7f 
R300-CQ*RXSS3 *S I GN ( 1,0 i RPVS 3 f •$ QRT « ABS( RPVS3) ) 
RQXSA3-R300>AP*DERIV( lCiRXSS3 ) 

R0XSA3»f R0XSA5-tR5AP3P^H?H - 

RXSA3-INTGRL( IC.RDXSA3J 
RXA3-RXSA3-XRL 

RSAP3-RXA3*? (A.0*BETAAAS)/VT2J 
RF3-RSAP3*AS 

RIL4-LIMm-l k,U,RACAlA» 

PT4«RIL4*KTM 

R ilN4«HSTRSS< IC ,-KHST ,KHST , RT4) 

RFt4»irrf N4-RF P4*KN-XRt*1Cm. 

RFX4*RFT4FCN 

AP-aC j*0ERIV( ICtRXSSA n 

DR4XI-RF4FLN-IB4X1*G1/G2) 

R4Xl-INTmad,DR4Xl) 


•WPODL-CIBIU I'V T“® 


A~5 



AP 5^gpJ5pn-iRSP4*(KP/MPn 


RF^-I 

Sg|«L. _ . 

RSP4-INTGRL( 

RPVS4»5ls-(RSAP4*SlGNa.0,RXSS4)) . , 
R4Q0-CQ*RXSS4PSIGN(l,0,RPVS4»*SQRT( ABS(RPVS4U 

- . . * 1 .* PXSS4I 

)/AS 


t1i?i^DSP4 




R4Q0-CQ*RXSS4PSIGN( l*QtPP' 
RQXSA4«R4^»AP«0CR1V( IG.R) 
R0XSA4-IRMSA4-<RSAP4*CP) 
RXSA4«INTGRL( IC |R0XSA4I 

R^P4-RXA4PU4.0*BFTA*AS»/VT2I 

FRlf0T»ftFt*R^2 ♦RF|>RF4 

RSVFF IfCWSWi” xaOOT , -F «C ,0 .0 , FRC » 
XROOOT»<FR-XROFei *Y2 
XRDFR-XROP(BR/HRi 
XRD«!NT6Rt(!C ,X r600T| 

XRDOT»( XRO/HRJ*Yl 


XR-lNTGRL(ICt XROOTI 
XRL-LIHIT(-XRR,XRM, XR) 
PRDCEOURE Yl,Y2-RRATt(XR,XRMj 

YVl>CONPARIXR.XRMt 
IF I YYl.LT.l.OIGO TC 20 
Yl-0.0 
Y2-0.C 
GC TO 90 


20 


Yl-l.O 

Y2-l,0 


YY2«J0MPAR( XR t-XRMI 
IF( YY2.GT.0.0IG0 TO 


80 


♦200 

»: 8:8 

GO TO 90 

;f:l;8 

90 CCNTINUE 
FK> PROCEDURE 

RX3«XRL^06LTX3 

RX2»XRL«-0ELTX2 

PV3»PS3'SIGN?i.0f RX3I9PL3LIM 

6«:EI|:118MH:8:5;ji:8titiS 

R8*3«PV3*RX3^XR 
RBF2»PV2*RX2«KB 
RBFl-Pyi*RXl*KB 
BF»fiBF3»RB^2 


00 


0i3^|p*SpN( UO»^VJ»*SORT < ABS < RV 3 I I •RX 3 

ql|Skqp*si GNU?o!pv 2 > RSORT ( ABS( PV2 n ♦RX2 

OLl«XQP*SlGN)f UOjPV 1 1 *SQRT i ABS( PVl) )*RX I 

RSVMI*5-QL3-7kpO*PL3L 1 m ) -( 0*THCOT 3 » 

RSVMl 2-QL2-(XPt>*PL2L t M|-( 09THD0T2) 
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RSVHI 1»QL1~<KPQ*PLILIM)- 
RSVI9-|t»fWl - 

RSV12-INTGRU lC,RSVPf| 

H 


-(D*T^DQTll 


Pli 


/VM 


PU*U.O*» iT A«t S VtllHAW 
PL3LI(»»LIKlTl-PS|tPS3,PL3j 
PL2LI P-LI*<IT(-PS2 i PS2tPL2l 
PLIL!»»»-LI«TT(-PSI t PSl.Ptll 

♦RJ0D6R ROTOR 3 

R S5Mhi?f Cp .TR P . T HO OT 3, GM , r,MR , GS , e G ) 

PRSUMl-RTSW3-RTy ^ ^ 

RTSH3«FCNSW(THnOT3 i-TCtO.OfTC ) 
RMSUR2-RMSURi+(THOOT3*BMJ 

TH03-(RMIN3-ftMS(JM2l/ JRR 
THOOT3-INTGRL ClCtIHC3J . 

R THET3-I NTGRL nC»tHDOT3) 
•RJOOER^MOTOR^^^^^^^ 

R TF 2-«RUOTOR( TLP.TR P f THOOi 2 t GH . GMR , GS » F G J 
RMSUM3»'RTSR2-RTF2 
RTSi«2«FCNSW(THr»CT2,-TC,0,0. TC ) 
RMSUM4»RRSUH3 ♦(THDOT 2*Bn 1 
TH02-IRRIN2-RH50M4t/ JRR 
THDOT2-INTGRL (IC.THC21 
RTHET2-I NTGRL (IC.THCOT2 I 
♦RJDDFR MOTOR 1 

RMl N1 aPL It I M*0 

P.TFl«8UfiTOR ( TLP.TRP.T HOOT 1, CH.GMR, GS.EG) 


• 25 0- 


RMSUM5»RTSMl-RTFl 
RTSMl •FCNSWtTMOQTl f-rC.O,0,TC I 
RHSUMb-RHSUMi+’t THOOT1*HM| 

TH01»<RMIN1-RMSOM6I/JMR 

THDOTl-IXT&RL UC.THCij 
RTHETI«INTGRL nCfTHCnTlJ 

♦CONVERT FROM RADIANS/SEC TO RPM 
:?MlRpM . CRPM*THD0TI 
3H2RPM « ChPM*THOOT2 
PM3RPM ■ CRPM*TM0QT3 

•RJOOER MEfHANICAL SUMMING 0 ( FTERFNT I ALS 
OELTHl«RTHETi /GS 
ttLTR2»RTHrT2/GS 
ntLT«3»RTHET3/GS 
HUDSUM»OtLTB3*OELTk2*CELTRl 
L'f LTR«HSTRSS( IC,-HS,hS,RU05UM| 
RUOFR-OELTR/ I GMft*GHl 
DRVLl- RSAPl*«KPT/TDf >-PVLI/TDT 
RVLI-INTGRI (IC.DRVLII , „ 

P00VWl«RVLl-(R'‘*Vwi*(2,Q*L0*wn> I-RVW I 
ROVMI-INTGRL I IC.ROCvwI) 

RVWl (MO*WO) •INTGRL ( IC.ROVMl) 

OOVKI »KC*OF«I VI iC .BVi^lj 
POVKI l-ROVKl-iRVKi/TAUf I 
evKl-lNTGRLllC.RDVK III 
• l-'l'**«lOfP*('<Fn/TOT |-»l VOTl/TOT 
R| VDTl-INTGPL nC.RLVl I 


IS 


..UibU 




OV' 

POOR 


250 
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( 

( 


il*(2.0*Lf5*W0} )-RVZ I 


ROOyZl-RLyOTl iR0y2l*C2.0*Lf5*W 

S«Hint)lSBVUi«fE 8 eHil«t,vMi 

0RVL2-RSAP2*< tCPT/TlU)-ftVL2/TDT 
RVL2- ■' ‘ 


INTCRI.( IC.0RVL2I 


R00VW2»PVL2-(R0V'*<2*(2.0*LD'«<D||-RVM2 
RDVM2-lNTGRLnC.R00VW2»_ 
RV*» 2 »t« 0 *« 0 )*INTr.RmCtRt>V« 2 l " 
R0WK2»KC*D'‘RIV( ICtRVW2» 

ROyKI2«ROVK2- (PVK2/TAUC J 


iNtCftU IC.RDVKli 
RUOFB*<KFB/TOTJ- 


ROyKI2«RpVK2- (PVK2/TAUC J 
RLV2-RU0FB*li^4/TOT}-RlVD12/TCrr 

Rl 5 ^(vzf-lLVOT 2 -iR 6 v 22 *l 2 .O*L 0 *lilOM-RV 22 

ROyl2-lHTG: ;.(lCtPOOV22l 
Rvlf»tWf)*WOI*lMTGRL( IC.RfJVf 21 
ORVL3»RSAP3*(KPt/TDT|-ftVL3/Tr;T 

wi" X 1 1 . 0 *L C •WO II -RVM 3 

ROVW3-INTGRLI IC ,R00VW3I 
RVW>-{WO*WO|*mt6Rl( ICfRnVW3l 
PDVR3-KC*OePl VI IC.nVtO] 

RDVKI3-ROVK3- (RVK3/TAUd I 


HKI3-RO 

!ll«RUpF 

/ 0 T 3 - 1 N 


nCtROVKl3l 

UFft/TOT)-RLVOT3/TOT 


C*||0| I-RV23 

RDV23-lNTGRLnC |R00WZ3I _____ 

•330 ^y2j^7wO*wni*INTGRl (TctRfiV7 3) 
0RVL4«RSAP*^( KPT/TOn-ftVL^/fOT 
RVtR«INTG«lflCfORVLAi _ _ 


R VLR*I RTGRl f I C f OR V 
R0DVW4»RVL4-(RuVW4 


R0VW4-INTGRL( IC iR00VW4I 
RVW4* ^wO•WDI•i^;tGRl I ICt R 
RQVK4-KC^Df RI VI ICtRyW4) 
BDVRl4«RDVK4-l»V»<4/fAU(‘ I 


W4^(2.0^L0^W’I I- 
R00VW4) 

GRl I ICf R0VW4I 


RVK4-INTGRt I ICtR0VKl4) 
RLV4-RU0FB*(KFa/T0T l-RL V0T4/T0T 

R0DVZ4-RLV0T4-!Ri524*l2.0*LC*W0) I-RVZ4 

§^^t?lBIS§Ut^fS 8 fmiRnvZ 4 i 

• SPEEOBRAKE EOUATIJNS 
SVlNt-SlNl^KSBV 
SViN 2 -SiN 2 *KS 8 V 
SvIN3-$In 3*KS8V 
svt**^*srm*«SBv _ , . 

*;ASAi4«(SVI N4-SyZ4l*KAHP-SVK4 
SItl>UWlT(-I Ctll-iiASAI n 
•SPEfOBRAKF SERVO ( S EL OWOA RV ACiUATHRI NO, I 
In-SILIRRTN 

S H HI *h| FR43 1 I C i-RHS^7 » ST 1 1 

SFT|»$rfNl-l>FPl *<N-XSLRRFfiL 

-<Fl,KFl .Smi 




I 




SFIFI !2.0*C1*5FXI Nl 1-J 2.9*1 AP-ACI *OEP IV< ICtSXSSlI > 
SDSPl-lNTfiRLUCfSpOSPll 

■ fSS‘.cS5l;5lt 1 y u. . «S . SPVSI I . 

5ll‘ 


♦ 3^0- 


iu i" 1 iQXSAi-(SSAPl*C?» l/AS 

sxsai-intopluc .SOXSAU 

^SAPl ■sxaIa?H.o*beia*as»/vt 2 I 
«;ci>UAPi*Ai 

■Dlit^:n?U;,;aitoi!5‘iauATr», 

':f2=‘;iL2*Km ,, ,, ,, 

STIN?-«HSrRSS < IC i-KHST ,KH^T,ST 2) 
>^FT2 -ST1N2-S*=P2*XN-*M •XERL 
Srx2>^SFT2*LN 


NO. 


Sr2FrS- ( JrO^'-lisFXL R2 i 4P-40 ACFR IV( IC ,5XSS2 » I 

0 S2 XI «SF 2^ L W- (S2X I *G I /r.2J 
S2Xl*lNTGt»L(lC.DS2Xl» 

SFP2*S2Xl/G2 

SnSP2«INTGhL ( lC,SpCSP2» 

SSP2=INTGRL( 1C.55SP2I 
SXSS2«SSP2/HP 

f yr , ..s. SPvsa • . 

f ^ f A ^_»nTr*oi J 1 cr^vCA^l 


S*SA2=INTGRL n ,SDXSA2» 

SSAP2 »$XA^*(H.0*RrTA*AS)/VT2J 
SF2 = '.SAP2AAS 


Sr2 = '-SAP2*AS 

• S’l't D0HAi<r^SERVn( GfcONAARY^i^luATOBI NO. 3 

S T3« SI L3 Axm 

STIN3-MSTPSS< i: ,-KMST ,KHST,ST3) 

Sr T3 * ST I Ni-S"" PS *XN-XS L*KFPL 
SFX3*SFT3*1 N 

^.r*F\^N*(L''otli*SFXL^U-(2!o*(AP-AC|AOE«IV(IC.SXS 

i-)SSXI-SF3FlN-(S»XI*uI/G2I 

S3XI- INTGRUI C.DS3X n 

SFP3-S3XI/G2 

< xSb3*SSP3/NP 

SFvS3-5pS- <SS AP3*S I GNU .0.SXSS3H 


3!)0 
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I 


vsa M 


SXSA3»l«TdtttfC^fSdXSA3» 
SXA3>SXSA3-X$L 
SSAP3«SXA3*HA,0*8ETA*ASI/VT2l 
SF3»5SfP3*AS 

SILA*LIHIT(-IL.U.SASAlAi 
ST4>S1LA*KTM 


STlN4-HSTaSS(IC,-KHST,KHST,ST4l 




SFXL 

SF4FLW 


TIN4-SF P4*KN-XS L*KFBL 
m?(-KFL,KFL|SFX4l 


.SP 4 *tKPAMP>» 


6 S 4 XI-Sf 4 ^_ ^ . 

S4Xl*INTGftL(lC.DS4Xl) 

~"sFP 4 «s 4 xnGr' 

SF4FT-SF P4*( AP-AC) -SS AP4*AC 
<;0DSP4«SF4FT-(SDSP4*<eP/MP| l-» 

S0SP4=INTGRL( IC.SD0SP4I 

5PVS4«SPS-<SSAP4*SIGN(1.0,SXSS4|| 
S4Q0*CQ«SXSS4*SjGNU.0tSPVS4l«S0RTI AesISPVSAll 
SQXSA4* S4QO^AP*OERI V( iC tSXSS4) 

S0XSA4- ( S0XSA4-(SSAP4*CP» >/AS 
SXSA4»IMTGRttIt.30XSA4> ' — 

SXA4-SXSA4-XSL 

SSAP4»$XA4*j (4,0PBeTA*ASJ/VT2l 
SF4*SSAP4*AS 
F STQT«SF14SF2*SF3>SF4 
F S»FSTOT-$RF-SSVFF 
SSVFF .FCNSW( XSOOT .-FRC tO .0 1 FRC I 
XSD0nT«<FS-XSDFB)*Z2 
x 5 ;nFB»XSOP< 8 R/*m) 

XSC«INTGPL(ICtXSOOCT 


XSOOT* 

XS*IN 


(XS0/M«|*Z1 
TGRLdC , XS[ 


) 


_ _ _ . IDQTJ 

XSL-LlMlT(-XSMfXSMt XS) 
PRDCrOUBt Zl*22«SRATE(XStXSM) 
ZZl*CCMPAR(XS ,X$M) 

IF (ZZI.LT.:,0»G0 TC 30 
Z1*0.0 
Z2»0.0 
GC T'' 60 
71*1. d 
Z2«I,0 

ZZ2-C0MPAR( XS»-XSMJ 
IF(Z72.GT.O.O»GO TO 


30 


Zl«0.0 

zl* 


70 


0.0 

TO 60 


6U CCNTINUE 
E^D PROCEDURE 

SX5*XSL+0SBX3 

SX2-XSL+0SRX2 




400 


A. - i 0 


SX1«XSL«-0SSXI 


PV3 • M >>S 1 on 1 1 . 0 , 
PV2-PS2-SIGN(1.' 


SBF2 


0,5x2l*PSL2UM 


. SPV2*SX2*K0 
S8FI-SPW1*SX1*K8 
S8F»SBF3^SPF2i-SBFl __ 

♦45 0 Q5L3*KQP*SIGNtl.OtSPV3l*S^TI A80I0PV3) l*SX3 
QSL3GM ■ r,nNV*05La 

Q SL2»Kgp*SI 6N a.O I S PV2 J ♦$ QRTtABS<SPV2 II fSX2 
QSt2GI* ..CONy.fQki 


KQPOSlGNlftOi SPVll ♦SO«T( ABSCSPVll l*SXl 
CONV*OSLl 


QSLl 

OSLIGM — V^VI>1 ▼ ** -1 * 

S<;VMI3«QSL3-(KPQ*PSL3LM|-(D*ThOTS3l 
SSVMI2-QSL2-«KPQ*PSL2LM|- 0JTM0t|2l 

ssvMi i«o5li-<kpq*p5lilmi-<o*thotSH 
SSVll 



.QiLl-<KPQ*PSULMl- 

SVll-|NTGRL( IC.SSVPr ‘ 

i; 

PSL3»U.O*BErA*SSVI3 
PSL2»(4.0*9ET A*SSV 12 
PSLl»l4.0*Bf^T A+SSVI I 
PSL3LH«LIMIT(-PS3,PS1.. 
PSL2LM»L!H!Tf-PSf f PS2»PSL2) 

PSLILP-LIHI T(-P3l*PSl ,PSLll 
•SPfcFOBRAKE MOTOR 3 

STF3*SBTCR(TLP,TRP ,THOT S 3 , GHi GHS. GS t EG I 
SMSUMI-STSW3-STF3 

STSW3»FCNSW«ThOTS3j-T C,0.0«TCI 
SMSUH2-SMSUM1^1THDTS3*BMI 
STH03-I 5M! N3-SMSUM2 K JM3 
TH0TS3-1NTGRHIC#STK[)3I 
STHfcT3»i NTGRL (ICtTHCTSS ) 

♦SPrCOBRAKE MOTOR 2 

STF2«SBT0R(TLP. TRP .TH0TS2»GH«GMSt6S»FGI 

SMSUM3-STSMC-STF2 
‘^TSW2»FCNSWITH0TS2 f-TC»O.O.TCI 
SHSiiM4»SMSUM3^(TM6TS2*BM| 

STH02«( SMIN2-SMStiM4l/ JHS 




'H0TS2-INTGRL (II 
STHET2-1 NTGRLili 
• SPF"08RAKE MOTOR I 
SMI N1»PSL1LM*D 

STci=tS9TCR(TLP,TRPfTH0TSl,GH,GMS,GS,EGI 
S“SUM5-STSWl-SrFl 
STSWl»FCNSW(THOTSl i-TC.O.O.TC I 
SMSUM6"$MSUM5«-( THOTSl*BM| 

"Tl-lNTGRLdC.THOTSll 
RAOIANS/ieC TO 


CRPM*T HOTS| 


8PM 


STHET. 

•CONVERT FROM 

SMIRPM - - 

SM2RPM - CR'PM*tHOtS- 
SM3RPM • CPPM*TH0TS3 
•SPlEOBRAXE mechanical summing DIFFERENTIALS 


A- L 1 


*500 


. STHETI/GS 



SBSUM-OELTS3»DeLTS2+06LTSl 

DELTSBoHSTRSSnCt-HS.HS.SKUM) — 

SBFB-2,0*0ELTS8/(GMS*GH{ 
0SVLl*SSAPl*(KPT/T0T»-SVL 1/TOT 

SVLl-INTGRLnC.OSVLU 

SDOVWl»SVLl-(SOVWl*(2,O*LD*W0n-SyWl 



SOVKl«iKC*OERlVnC«SyWil 

SOVKll^OVKl-tSyKi/TAUC) 

SVKl-INTCRL(ICtSOyKIll 

SLVl«SBFB*<KF8S®?tOT|”StyWt/TW - 

SLVDTl-INTGRLdCfSLVll 

S00V7l»SLV0Tl-jS0V2l*j2«0*LD*W0n-SV2l 

Snv2l-»NTGRL(I(itS00VZi) 

SVZl=»i<0*WD»*lNTGRL( iCtSDVZll 

0SVL2*SBAR2*( KPT / T OT A -i¥L 2/ TOT 

SVL2-INTGRL( tC,OSVL2} 

SOOVW2-SVL2-(SOVW2*(2.0*LC*WCn-SVM2 

sov»»2*t?rrGRLettr,socvir2i 

SVH2-(M0*WD)«INTGRL(IC(S0VW2) 

SVK2»INTGRlTiCji$DVKI21 
SLV2«SaF0*4KPBiB/TOT4<-41.yDT a/ I X>T — 
SLV0T2 * ■ 

sr)ovz2 _ ^ __ - 

SOVZ2»lNT8Rl.nC,SDOVZ2> 
SVZ2«O<0*W0l*IMTGRLnC#S0VZ21 

SDOVW3-SVL3-(S0VW3*(2,O*LC*WCI )-SVW3 
SOVM3-I NTGRL ( |C ,S00VM|l 
SVW3«(W0*W0»*i«TGRL< IC#SOVW3» 
SCVK3-KC*OERIV( ICtSV«3i 
SDVKIl"S0VK3-(SyK3/TAUC) 
SVK3«1NTGRL(IC,S0VKI3I 
SLV3*SBFB*(KFBS8/T0T]-StV0T3/TpT 
SLV0T3-IWTGRL (IC.SLVl) 
SDOVZ3-SLVOT3-(SOVZ3*(2,0*LO*WOI I-SVZ3 
SOVZ3-I NTGRL ( 1C tSOOWZlI — - 

SVZ3-(M0*W0)*INfGRL( IC.SOyZSl 
nSVL4»SSAP4*(KPr/T0T»-SVL47fCT 


INTGRLnC,SLV2) 
SLV0T2-(SDVZ2*(2.0*L0*W0n-SVZ2 


O*L0*W0l)>SyW4 


SVL4«INT0RL< !C,OSVt4» 
50nvw4»SVL4-(S0VW4*(2., 

S0VW4-INTGRL1 IC tS0DyW4j 
SVW4- (HO*WOJ ♦INTGRL ( IC, S0VW41 
SOVK4»KC*OERI V( IC f SyK4J 

S0VKl4»SOyK4-r(SVK4VTAlX4- 

SVK4»INTGRniC.S0yKJM 
SLV4-S8F B*(KFBSB/tof 1-SLV0T4/T0T 

SLV0T4«INT6RL(I€iSLy4> 

SDOVZ4-SLVOT4-}SOVZ4*(2.0*LO*WO)»-SVZ4 

SVZ4i(wS4SDI*f^f^RLyi$lsOVZ4T 
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SPtEDBRAK¥ HIXFR 
TR/QMR 

;ks 

>«SB 


nwuDir 

a 

•55 0 


■550 


B M * »U O" S B 

LPNI X-HSTRSS (ICt-HPRfHPR.LPX 


BP)ll 


.PHIN- LFMIX/GH 
.RMtiSaUSTRis ( IC 

jC ,-HH.HHtRPHlNl 


■LPHHS- 
■ PPHH5- OR P- 


TCP»LPHS*KHC 
»«RPH5*KHC 

LP • XfGFN<H1NGE,D3BRHU 
5p - -AFGEN(HINGE,0 


■AFGEN(HINGE,0SBRHL1 
HMLP * /U^pN(Hlij6E^5simL)P0.5*&16NI 
HHRP ♦ AFGENCHINOEiDRRHlUo. 5*SI5n< I.OtORRHL i 
P>HLP-LT PC-LBPI/JP 


LDL-(TLP>HLP-LT PC-LBPI 

B w< t*^»HPP-RT fC-PtPt AJP 
P«|NT6RL(IC,L0L» 

fr'3ihu^"fki 


PEFL 

OLP-INTGRLlIC.ODLPj 
PRP«I NTGRt UC tOORP i 
LTPC-FCNSM(DOLP,-TPCiO.O,TPC) 
ftTPC-FCNSW(ODRP,-TPCiO.O,TPC) 
^BP»0DLP*8PP 


PEFLECTIONT IN RHL PLANE! 


kBP«D0RP*8PP 
.•RAg 


k^gia 


RPAC 
OSMCC« 
OSBACC 


♦RAC 

(LP0EG«'RPDEGi/2. 

Sr#DiG^RPOEG 
FLeCTIQN TO FRL PLANE 
DRRHL^KR 
Rt»t)SBRHL^SB - - 

C- LEFT PANEL ACCELERATICN (RHL IN DFG/SEC^»2) 
8-“R|6H?'^kNlf ‘k^SiHRAT ION (RHL IN DEG7SEC**2J 


®WkKSPX 

TlXER OELT- 0.00005. 

OUTPUT RlNl.RMl 
OWPUT LP^6 t^ 
OlffPUT RINl.RPDEG 
OUTPUT RINI.LPDEG 


INTGRLdC.OSBRHU 


LT4«N ANGU« ^ACCELERATION -LRHL 0EC/SfC**2l 


FINTIM-2.0 

D- - . 



TP 6.2(,75 
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^^RJABLi §EQUENQ 


AylNl ^ RASA! I 

rdoIpi 


RPHS 

RTF2 

RPSJM6 

ROVXl 

RVIZ 

RQ0VZ2 

RO^l 3 

ROOVW4 

SF2FtW 

$200 

STH3 

SSAPB 

nm 

SFXLM 4 
I SPA 
Fsm 
SBFZ 
FS 

SSV^I 2 

STHJ3 

STH: T2 

SVLl 

5LV3TI 

§nVK2 

SVW) 

SDVZ3 

SVK^ 

ORRHL 

ROL 

RPIRPM 

OSB=RL 


RVZ2 
RF2FLW 
R2Q0 
RTIN3 
RSAP3 
RINA 
RFXiHA 
RSPA 
FRTDT 
RBF2 
FR 

RSVHI2 

RUOSUR 

LPMlX 

TRP 

RPSUM3 

THOl 

RDVKI 1 

RVW2 

R0VZ2 

RVK3 

ROVWA 

SINl 

SFXl 

SDSPl 

SASAI2 

DS2XI 

SQXSA2 

SFP3 

SF3FT 

SVINA 

SXSS 4 

SPVSA 

$X3 

sxi 

XSDFB 

SSVI2 

THDTS3 

SMINl 

SVWl 

SDOVZl 

SDVKl 2 

SD0VW3 

ZZlllA 

SLVA 

HLP 

DORP 

RM2RPM 


RFXtMl 
ROSPl 
RASAI2 
DR2X1 
RQXSA2 
RFP3 
RF3FT 
RVINA 
RXSSA 
RPVSA 
RX3 
RXl 
XAOFB 
RSVI2 
OELTR 
LPHIN 
RTF3 
RMSUMA 
THDOTl 
RVKl 
R00VM2 
ZZ1046 
RLV3 
ZZ1056 
SVlNl 
SFXLNl 
.PI 


S2X1 

S0XSA2 

SFT3 

SDDSP3 

SVZA 

SFAFLW 

S4Q0 

PS13 

PSLl 

12 

QSL3 

STHFT3 

STSWl 

SODVWI 

SDVZl 

SVK2 

S0VW3 

OSVLA 

SLVDTA 

LTPC 

OLP 

RM3RPM 


RXS51 
RSPl 
R1L2 
R2XI 
K0XSA2 
RFT3 
RD0SP3 
RVZA 
RPAFLN 
RAQO 
PL3 
PLl 
Y2 
UU 
RUD 
LPHHS 
RNSUHl 
THD2 
rthIti 
RUDFB 
R0VW2 
DRVLJ 
RLV0T3 
ROVKA 
SVZl 
:xssi 
Iflfst 

SXA2 

SXSA2 

SFX3 

S0SP3 

SASAIA 

OSAXl 

SQXSAA 

PSL3LM 

PSLILM 

XSOOOT 

SSVHI3 

SMIN2 

STFl 


BPVSl 

RXSA2 

RFX3 

RDSP3 

RASAI4 

OMxi - 

RQXSA4 

PL3LIM 

PLILIM 

xRDDar 

RSVMIl 

DELTS3 

LPHS 

BMSUM2 

THD0T2 

m. 

RVL3 
R00V23 
RDVKI 4 
SASAIl 

sfiflw 



ilfN; 


RIN3 

RFXUi3 



10 

SVLA 

SDOVZA 

L8P 

DRP 

QSL3GH 


N2 
SSAP2 
SIN3 
SFXLM3 
SSP3 
5 1 LA 
SAXl 
SOXS AA 
SPV3 
SPVl 
XSO 
SSVI3 
|TSw2 
SMSUM5 
ZZ1096 

m\ih 

SDVK3 

SVk^A 

SOVZA 

LOL 

trPArC 

QSL2GM 


R (SAA 

PV3 

PVI 

XRO 

RSVII 

DELTS2 

TIP 

THD3 

RTHET2 

riiJri 

R0VK2 

RVU3 

R0VZ3 

RVKA 

SILl 

OSIXI 

l? 5 i“ 

SF2FT 

SVIN3 

SXSS2 

SPVS3 

ST4 

SXA4 

SXSA4 

SBF3 

SBFl 

XS 

SKIN3 

STF2 

SMSUM6 

SDVKl 

S0VKI3 

S00VM4 

B^ACC 

QSLIGM 


RFP2 
RF2FT 
RVIN3 
RXSS3 
RPVS3 
RT4 
1WtA4 
RXSA4 

Sin 

XR 

RNIN3 

DELTSI 

RPX 

T+^D0t3 

RMINl 

R0VKI2 

RD0VW3 

ZZ1053 

RLV4 

STl 

SlXl 

SOXSAl 

SFT2 

SD0SP2 

&VZ3 

SF3FLW 

S3Q0 

STIN4 

SSAP4 

SX2 

SBF 

QSLl 

STSW3 

SMSUM3 

STHOl 

SDVKl I 

SVK3 

SOVWA 

LPOEG 

HMRP 

BBBACC 

SMIRPM 



QL3 

RTSM3 

SB SUM 

RPMIX 

RTHET3 

RTSWI 

RCDVMl 

ROVZl 

RVK2 

RDVW3 

DRVL A 

RLVOTA 

ST INI 

SXAI 

SXSAl 

SFX2 

S0SP2 

SASAI3 

DS3XI 

SQXSA3 

SFPA 

SFAFT 
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Figure B-2. 10-degree Rudder step command 





Figure B-3. — 15-degree Rudder step command response. 








Figure B-5. — 10-degree Speedbrake step coimnand response 






Figure B-7. — Various P.»*'^f^.er step conunandn 



M hl^ 9Alf-d3iS 93 a SI 



Figure B-8. — Various Rudder step commands. 




Figure B-9. — Various Speedbrake step commands. 





IS. earn 



Figure B-10. — Various Speedbrake step commands. 







IFIED TO OBSERVC OBCILUmON 



Figure B-11. — LPDEG magnified to observe oscillation. 
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Figur© B“12. — DSBRHL 
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D-12 

D-10 

Rate of Speedbrake opening for a 6-deg/sec 
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Rudder input 
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Output force from a secondary actuator for 
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Figure 

D-17 Rudder power spool position for a 10-deg/sec 

Rudder input 

D-18 Input hydraulic flow to a single Pudder 

hydraulic motor for a 10-deg/sec Rudder input . 

D-19 Input hydraulic fl<»w to a single Rudder 

hydraulic motor * >r a 10-deg/sec Rudder input . 
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Motor speed of a single Rudder hydraulic motor for 
10-deq/sec Rudder input. 





Motor speed of a single Rudder hydraulic motor for 
10-deg/' ec Rudder input. 





Motor speed of a single Rudder hydraulic motor for 
10-deg/sec Rudder input. 
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Figure D-4. — Rockwell motor speed of a single hydraulic 
motor for a 10. 03-deg/sec Rudder input. 
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Figure D-6. — Rockwell panel speed for a 10 . 03-deg/sec 

Rudder input. 
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Figure D-9. - Rockwell motor speed of a single hydraulic 
motor for a 10. 03- deg/sec Speedbrake input. 










Figure D-12. — Input to secondary actuator for a 10-deg/sec Rudder 









Figure D-13. — Input to secondary actuator for a 10-deg/sec 






Figure D-14. - Output force from a secondary actuator for 

10-deg/sec Rudder input. 
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igure D-15. - Output force from a secondary actuator for 

10-deg/sec Rudder input. 
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APPENDIX E 


MOTOR HYDRAULIC INPUT VS MOTOR SPEED 


APPENDIX E FIGURES 
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E-1 Hydraulic input flow vs motor speed . E-4 


From ref 5, page 65, the volumetric isplacement is equal to: 


Dm 
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where : 


Oi.i - volumetric displacement, 2^ 
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= flow through the motor, 

0m *= shaft speed of motor, 
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For a shaft speed of 2853 rpm with Dm given as 0.52 (ref 1), the 
flow is therefore : 


= Dm 0^ mass 
= (0.52) (2853) 
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LIST OF CSMP CONSTANTS AND VARIABLES 
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LEGEND: S » Speedbrake Only L - Lift Panel V • Variable, No 

RD * Rudder Only R •* Right Panel Constant Value 

X * Rudder and Speedbrake M - Multiple Use 1,2,3, 4 

N - Multiple Use 1,2,3 
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APPENDIX G 


DISCUSSION OF USING HP9820 FOR PLOTTING 


In the preparation of this report, the author has made extensive 
use of the Hewlett Packard HP9820 calculator and HP9866A Calcu- 
lator plotter. This was accomplished to remove data from the 
IBM 360/75 printer plots and to clarify this information. The 
line printer can plot 10 characters per inch, but cannot plot 
between these characters whose plotted position is approximate. 

The HP9820 plots v/ith such accuracy that the error is virtually 
undetectable and hence, a more accurate plot is produced from 
which information can be extracted. Figure G-1 (page G-3) is 
the basic listing of the HP9820 plotting program. 

Another useful function of the HP9820 was to determine the average 
value of a number of points. This listing appears as figure G-2 
(page G-7) . Both programs have been loaded onto cassette magnetic 
tape for convenience. 
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£MT •• PELTa ;; T I C ' » P 3 ? ENT tEuTn Y TIC“ » R7 JEHT " K S 
TEF;-="rR13 t 

EHT "m peciim*.:; K ■. UliENt * N0 Y“»Rl2 t 

rr PRT ‘ CHAP C0PE”V i PluT K:‘ j*’ 2 PL3T ♦ C 
3: PRT "3 PLOT 0“. * PL3T lf’’» *‘5 PLOT C"> ^ 

3: PRT r PLOT U •? f- PLOT . *V‘3 PPIHT LINE 54“;SPC 1 t 
m CR1-R2)/R3 TO R9; <R5-R6). R7 TO R10 C 


4t 


:5 s 






lls <R1-R2)/10 TO fl;<R5-R6>/10 TO B50 TO t TO R0 I 
12s 1+C TO C»JMP CR3>fi E 

13 s 1+R0 TO R0;.JMP R0R7>B C 
148 R2-CR3 TO R45R6-R0R7 TO R8 C ^ 

15S SCL R4»R1»R8jR5 C 

16S BKE R2jR 6»R3»R7;.O032<R1-R4> TO RO;0 TO BJFXD Rll C 


17s 
IBs 
T9S 
20 s 



21 s 

22 s 
23: 


LTR R2+BR3“2R0jR8>212;PLT R2+BR3;JMP <1^B TO B)>R9 I 
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^rSSPC 1?ENT • IlftTft?’SR23 C 

ENT "CHftR CODE*SC;0 TO B TO R14;iF C»9JGT0 51 t 

ENT "I TO CONNECT PTS'SB; PEN C 

ENT "PRINT DECIMftLS">R13;PRT "DflTft" I 
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24S CFG 13»X+R19R18+R2R24 TO XI IF <2+1 TO 2>>R27ICT0 51 C 



251 d TO R94IIF 1123-etJHP 2 C 

% 

26! FXD OIPRT “MO. ‘S2IFXD RlSlPRT "Xa“»XIENT “Y«"»YIP 
RT “Y*“»YISPC in TO R19IJMP 2 C 
27: ENT "Y«"»Yll TO R19IFXD OIPRT 21FXD R13 I 

28: IF R14-01JMP 4 I 

28! IF B=0IJMP 
30: PLT R15»R16 C 

31: PLT XfYIPCN t 

32: LTR X-Re»V-Rilll C 

33: IF OlIJMP 2 C 

34! PLT “X“ICT0 49 C 
35: IF 02IJHP 2 t 

36: PLT C - 

37! IF 03IJMP 2 C 
38! PLT ••0"IGT0 49 C 
39! IF 041 JHP 2 C 
40! PLT “D”IGTO 49 t 
41! IF 051 JMP 2 C 
42: PLT "C"IGTO 49 t 

43: IF 06; JMP 2 C 

44: PLT ••riGTO 49 [ 

45! IF 07; JMP 2 C 
46: PUT "U" C 

47: IF C>8;GT0 54 C 

48! PLT " t 

49! PEN ;LTR X.Y;PEN ;IF 2+1*R27;DSP LRST POINT'S" 
"LfiST POINT" »" " I 
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se: R14+1 TO R14;x TO R15IY TO RtfilCTO 24 C 


5l: SPC 3JDSP "CONT"» “COt)T”» " INUE> "CONTINUE” I ENT 

"ERRORS?" jCJIF C # HGTO 66 [ 

52: ENT "ERROR X L0CfiTI0N"»R25» "ERROR Y LOCATION" »R26J 

LTR R25»R26.211 [ 

5 3: PLT "PLOT ERROR—" ; JMP -2 C 

S4: LTR R2+.8<R1-R2) » R6-. 02<R5-Rt*) » 21 U PLT "TIME<SEC>- 

[ 

55: LTR R2-.0KR1-R2)» R6+.8<R5-R6)»212;PLT "RESPONSE— 

— C 


56: ENT "START LABEL X"»R,"START LABEL Y"»B C 

5?: LTR A? E» 21 15 PLT "10 DEG/SEC RUDDER COMMAND" I 

SSi LTR AjB-.03(R5“R6>!.2115PLT "X IS" C 
59: LTR A>B-.06<R5-P6>;PLT "+ IS" C 

60: LTR AjB-.09<R5-R6>;PLT "LOCKHEED ELECTRONICS CO" C 

61: LTR A>B-. 12<R5-R6>;PLT "HENRY DUKE" [ 

62: PRT "PRINT DATE =r'59PC 25ENT "DATE •?">R285FXD 05 1 

F R28-05GTO 68 I 

63: ENT "MONTH" , R29» "DAY" » R30> "YEAR" ? R31 5 R5-R6 TO R335LT 

R RjB-. 15R335PLT R29 C 

64: .0096<:R1-R2> TO R325LTR A+2R32j B- . 15R335 PLT "-"5 LTR 

A+3R32»B-. 15R33 C 

65: PLT R305LTR A+5R32jB-. 15R335PLT "*"5LTR A+6R32»B-. 

15R335PLT R31 C 

66: PRT "END =0">"NEU PLOT -1", "LABEL =2"5SPC 

2 C 

6.7: ENT "DECISIOtf:-"5R225 IF R22=05PRT "DECISION END"5GT 

0 74 C 

RIWODUCIBILITY of tub 
G-5 miQINAL PAGE IS POOR 




■tggrx- 
















IF R22“i;PRT "HEW PLOT"IGTO 71 t 


IF R22=2;PRT "LABEL” JGTO 54 [ 


IF R22>2;PRT "DECISION ERR0R";GT0 67 C 


ENT "NUMBER POINTS" >R27 C 


0 TO X TO R19 TO 2»1 TO R245ENT "X STEP=s"«R18 C 
.0032<R1-R4) to R050 TO BjFXD Rl 1 ; . 0032<R5-R8> TO ft?0 TO B 


;fxd ri 2 ;gto 21 t 


PRT "+-+-+-+-+^>*-i - ilSPC 8 t 


7s: end c 




REW 5PRT "PROGRRM FOR" » "CONTINUO 

US AVERAGE" C 

PRT “ "jSPC 2 C 

0 TO R0J0 TO X50 TO YIENT "DECIMALS" » B5 FXD B C 
R0+1 TO R0 C 

ENT "VALUE"»RR05IF FLG 13;JMP 3 E 

RR0+Y TO Y C 

X+1 TO X;JMP -3 C 

Y. >: TO Z;PRT "NO POINTS="»X» "AVERAGE="»Z t 
PRT " END "5 CFG 13 C 

PRT "HEW PLOT=l"> "C0NTINUE=2"p "END=3"5ENT "DEC IS 10 
N?"»A C 

IF A=i;jMP -8 C 
IF A=2»JMP -8 [ 

PRT " STOP ";SPC 6 t 

END C 
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APPENDIX H FIGURES 

Figure 

H-1 10-deg/sec Rudder servo valve hysteresis . . 
H-2 10-deg/sec Rudder summer valve hysteresis 
H-3 10-deg/sec Rudder mixer valve hysteresis . 
H-4 10-deg/sec Rudder PDU valve hysteresis 
H-5 6- deg/sec Speedbrake servo valve hysteresis. 

H-6 6 -deg/sec Speedbrake summer valve hysteresis 

H-7 6-deg/sec Speedbrake mixer valve hysteresis. 

H-8 6-deg/sec Speedbrake PDU valve hysteresis. . 






H-2 











i0 DEG/SfC RUDDER C 




10 J>EE/5EC RUDDER C 



Rudder summer valve 





Figure H-3. — 10-deg/sec Rudder mixer valve hysteresis. 







Figure H-6. - 6-deg/sec Speedbrake summer valve hysteresis 





Figure H-7 . — 6-deg/sec Speedbrake mixer valve hysteresi 



Figure H-8. — 6-deg/sec Speedbrake PDU valve hysteresis. 
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DISCUSSION OF INPUT COMMANDS 
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? • I-l Rudder/Speedbrake command channels 1-5 

1-2 Stairstep for Rudder/Speedbrake input 1-6 


1-2 


The input command from the pilot will probably be given as a 
quick transition from one state to the next in a very short 
period of time. This is best represented by a step command. 

This analog step will be sampled by the MDM (MDM #1 as shown in 
figure I-l) at a 40-millisecond refresh rate and addressed 
through the lOP to the PCS computer. The computer will then 
determine the necessary commands to the subsystem to respond 
to the pilot's requested ccjvunand. 

Since the computer, through software, sets up both position and 
rate limits, it will determine the magnitude of each step of 
the stairstep commanded to the i^ubsystem. Position commands are 
set at 27.1 degrees (Rudder) and\49. 3 degrees (Speedbrake) 
with rate limits presently set at\l2.1 degrees/second (Rudder), 
6,1 degrees/second (Speedbrake opening), and 10.85 degrees/second 
(Speedbrake closing) . 

'\ 

A digital command is then sent through \^e lOP to MDM #2 where 

it is converted to the stairstep analog ipiiimand which is 

\ 

addressed into the Rudder/Speedbrake subsystem through the ASA.. 

The value shown for the stairstep voltage will vary from a 

10 mV minimum to a maximum set by PCS computer \rate limiting. 

The computer furnishes 10 bits to the MDM of which the highest 

9 

represents the sign. This leaves 2 bits or 512 possible 
absolute combinations. The weight of each combination is 10 mV, 
therefore the maximum voltage output will be 5.12 volts. The 
computer has set a position limit of 27.1 degrees for the Rudder 
and 49.3 degrees for the Speedbrake, both of which are defined 
as 5.00 volts (not 5.12 volts). Therefore the actual maximum 
binary count is 500, not 512. 

The refresh rate of the signal applied to the MDM is 40 ms, 
therefore the time required for each step is 40 ms as set by 
the PCS computer. 
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At rate limiting, the slew rate required for each panel is: 


Rudder 


Speedbrake (opening) 


Speedbrake (closing) 


(5.0 volts) (12.1 degrees) _ 2 232 
(27.1 degrees) (1 second) second 

(5.0 volts) (6.1 degrees) _ q g , q volts 
(49.3 degrees) (1 second) ' second 

(5.0 volts) (10.85 degrees) _ , ,qq volts 
( 49 . 3 degrees ) ( 1 second ) * second 


The maximum voltage* step in 40 ms is therefore: 


Rudder 


Speedbrake (opening) 


Speedbrake (closing) 


= (2.232 volts) (0.04 seconds) ^ q volts 
(1 second) 

(0.619 volts) (0.04 seconds) ^ q q 2 volts 
(1 second) 

(1.100 volts) (0.04 second) ^ q 04 volts 
(1 second) 



*Rounded to closest multiple of 10 mV. 
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Figure I-l. — Rudder/Speedbrake command channels. 











